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1.7. Consider the Earth's system as a heat engine operating between thermal reservoirs with different temperatures (equator and poles). Describe how both kinetic and potential energy and the global water cycle are involved in this process.
Answer: In the Earth's system, the energy is transported from the warm equatorial region to the cool polar regions by atmospheric and oceanic processes. A part of the heat energy is converted into potential energy which is the source of the kinetic energy of the atmosphere and oceans. In this respect, the Earth's system can be regarded as a heat engine. Note: information needed to completely answer this question requires students to research material outside of this book.
1.8. Explain why chemical kinetic concepts are important when studying complex environmental systems.
Answer: In our discussion of thermodynamics we learned that information gained enables one to identify reactions, to calculate equilibrium concentrations, and find the minimum energy needed for a given process. However, such information does not provide detailed insight into the time required to reach equilibrium, nor does it examine the factors that affect the rate. Therefore, the study of chemical kinetics is of upmost importance when rates of reaction are concerned. For example, the relative rates of decomposition and depletion determine how extensively ozone destroying molecules are involved in destruction of the ozone. Further applications are considered throughout this book. Answer: (d) There is no beginning or end to the water cycle. Water continuously cycles through various reservoirs in the atmosphere, oceans, and land. Note that humans do have a long history of altering the hydrologic cycle including the diversion and impoundment of river and stream flow, pumping of groundwater, irrigation of fields, and management of forests.
1.10. Describe how increased surface runoff could possibly lead to drought conditions.
Answer: Increased surface runoff could likely lead to reduced groundwater discharge, thus lowering the water table.
More specifically, increased runoff at the expense of rainfall infiltration is a major cause of declining groundwater, as less water is then available to percolate through the soil down to the groundwater (i.e., less recharge occurs).
1.11. Explain how increased emissions of airborne nitrogen might affect the global carbon cycle.
Answer: Increased emissions of airborne nitrogen would ultimately lead to the enhanced deposition of nitrogen on land and in the ocean. Nitrogen is an essential element for plant growth and an increase could stimulate biomass production. This deposition may be acting as to influence the atmosphere indirectly by altering the global carbon cycle. In theory, extra carbon could be stored in terrestrial systems rather than contributing to release of CO 2 in the atmosphere. This potential, referred to as the "missing sink" is still under study with more precise estimates needed to assess the validity and efficiency of this occurrence, especially since added nitrogen can also stimulate microbial decomposition, thus releasing carbon from soil and organic matter.
1.12. Nitrogen gas (N 2 ) is the most abundant gas in the atmosphere, comprising nearly 78% of the air we breathe. However, N 2 is not readily available to most living organisms. Explain why and what is needed to convert to more biologically relevant forms.
Answer: The N 2 triple bond must be broken to convert nitrogen gas to a more biological relevant form. Nitrogen fixation is performed naturally by a number of different prokaryotes including bacteria, actinobacteria, and certain types of anaerobic bacteria. Higher plants have formed associations with these organisms. Nitrogen fixation also occurs via non-biological processes. These include lighting and through industrial-related and combustion processes.
1.13. Which of the following is indicative of the process which describes the oxidation of NH 3 or NH Answer: Heterotrophic bacteria are principally responsible for the process of ammonification by utilizing organic nitrogen compounds.
1.15. The growth limiting nutrient in biological processes is the one in low proportion or limited supply to the others which will be exhausted first. In freshwater systems, phosphorus is considered the limited nutrient. What would you expect from even a modest increase in phosphorus concentration to such a system?
Answer: Since phosphorus is the nutrient in short supply in most freshwater systems, a modest increase in phosphorus can, under the right conditions, set off algae blooms, low dissolved oxygen, and the death of certain fish, invertebrates, and other aquatic animals.
1.16. Discuss why the interactions between the elemental cycles and climate are of significant importance.
Answer: Elemental processes are important in modifying the earth's lithosphere, hydrosphere, and atmosphere. Such cycles constitute life supporting systems for the planet since their dynamics determine the composition of the atmosphere, and the fertility of land and aqueous environments. Answer: (c) Phosphorus.
What are the major fluxes and reservoirs of phosphorus in the global environment?
Answer: The fluxes include marine dissolved-marine biota, terrestrial biota-soils, crystal rock-soils, and marine detritus-marine sediment. The major reservoirs include marine sediments, soil, crystal rock, and biota.
2.1. Which of the following sampling techniques is most appropriate for sampling the diurnal fluctuations of nutrient concentrations in a stream? Provide justification for your answer. a. Random sampling b. Simple stratified sampling c. Systematic sampling Answer: (b): systematic sampling as it corresponds to natural cycles or trends. The amplitudes of nitrogen and phosphorus cycles in such systems have been shown to be affected by, for example, diurnal fluctuations in water temperature and/or incident radiation.
2.2.
Provide logical reasoning as to why a single sample storage/preservation protocol is not appropriate for all investigations.
Answer: There are a myriad of sample matrices in which investigators sample from, each with defining biological, chemical, and physical processes involved. One protocol that may be appropriate for a given parent material will not necessarily be right for another.
Describe the characteristics of normally distributed data.
Answer: A normal distribution is symmetrical about its mean. In any normal distribution, 68% of all observations fall within AE 1 s of the mean, 95% of observations fall within AE 2 s of the mean, and 99% of all observations fall within AE 3 s of the mean.
2.4.
Multiple determination results from monitoring benzene concentrations (mg L À1 ) in a groundwater well are listed below.
Calculate the sample mean and standard deviation for this study.
Measurement
Benzene (mg L À1 )
Answer: To calculate the mean:
To calculate the standard deviation: 3:4 3:9 4:1 3:6 3:7 mg L
À1
Answer: Enter the measurements in a column next to the sample measurement number and click on the Function tab and move the cursor to Average.
Next, highlight the cells of interest and click OK. Alternatively, one can enter the average formula ¼ AVERAGE (C7:C11) manually and click Enter. The mean value is entered and we can now proceed to calculating the standard deviation. Again click on the Function tab, click STDEV and highlight the values of interest. Click OK and the desired information is listed. 2.6. An analyst has just performed a NO 3 -N spectrophotometric calibration study to aid in determining the unknown NO 3 -N concentration in a natural water sample. The relevant calibration data is given in tabular form below: 2.11. Describe the importance of residual analysis in regression methods.
Answer: As we learned in the chapter, residual analysis can tell us a great deal about the regression of two variables, including whether the regression line is an appropriate summary of the data, and whether the regression line was computed correctly.
2.
12. An environmental technician investigated the relationship between the pH of river water and its water hardness. In his/her notebook the following was written: "there was a very strong correlation of 1.22 between pH of the water and water's hardness." Was the correlation calculated appropriately?
Answer: Recall that for r, for example, a value ¼ þ1 would indicate a perfect positive correlation, a value of r ¼ À1 would constitute perfect negative correlation, and values approaching r ¼ 0 representative of no correlation between x and y. A value of 1.22 does not logically fit in the discussion above.
2.14. In a given chromatography experiment, a solution containing 0.050 M of analyte (X) and 0.044 M of standard (S) gave peak areas of 500 and 450 for A x and A s , respectively. Calculate the response factor, F.
Answer: F can be calculated as follows: Answer: Water's polar nature is due to the unequal sharing of its electrons in a bent structure. Electrostatic attractions between the partial positive charge near the hydrogen atoms and the partial negative charge near the oxygen results in the formation of hydrogen bonds. The molecular polarity that results causes water to be a powerful solvent giving rise to various types of reactions in aqueous solutions.
3.2.
Define the term heat capacity and discuss its importance in natural water systems.
Answer: Heat capacity is defined as the amount of heat required to raise the temperature of a mass of substance by 1 C. Hydrogen bonding exhibited by water molecules accounts for a high heat capacity. The heat capacity of water plays a major role in the Earth's climate through its cooling and transfer of heat effects in thermal and chemical processes. Answer: Under negative pressure the temperature of maximum density increases. However, students must understand that the temperature of maximum density shows a maximum with respect to pressure in this negative pressure region. At very high negative pressures it reduces as the hydrogen bonds are stretched to breaking point.
3.5. As discussed, water at 0 C becomes ice and is less dense than its liquid counterpart. As a result, newly formed ice is able to float on the surface of waterbodies, even though it is in a solid state. Describe the significance of this effect in terms of aquatic life.
Answer: If this physical phenomenon were not to occur ice would form on the bottom of a waterbody (e.g., lakes), increasing in volume and eventually displacing the remaining water. If this were to happen, there would be no habitat for fish and other organisms during long winter months. In addition, floating ice layers can act as thermal barriers, helping to prevent further loss of heat from a given waterbody.
3.6. Define the term alkalinity. Discuss the main sources of alkalinity in natural water systems.
Answer: Alkalinity refers to the capability of water to neutralize aciddan expression of buffering capacity. Ostensibly, alkalinity of natural water is determined by the soil and bedrock through which it passes. Rocks which contain carbonate, bicarbonate, and hydroxide compounds are likely contributors. Borates, silicates, and phosphates may also contribute to alkalinity.
3.7. Acid mine drainage is acidic water laden with iron, sulfate and other metals, that forms under natural conditions when strata containing pyrite are exposed to the atmosphere or oxidizing environments. Answer:
3.9. Write the charge and mass balance equations for a solution of sodium hydrogen carbonate, NaHCO 3 , noting that it dissociates into Na þ and HCO 3 À . The anion is also known to ionize to CO 3 À , as well as form carbonic acid, H 2 CO 3 .
Answer: Charge balance equation:
Mass balance equation:
3.10. Like CO Answer:
3.11. Carbon dioxide dissolved in water is in equilibrium with carbonic acid. a) Write the equilibrium expression for this reaction. b) Write two equilibrium expressions for this product in water and discuss the potential consequences of this product formation. þ ] which is measured on the pH scale. A lowered surface water pH has the potential to disrupt marine ecosystems, for example, limiting corals and other coralline plant and animals to properly synthesize their carbonate skeletal materials (via the formation of biogenic calcium carbonate, CaCO 3 ) due to their ability to calcify being pH dependent.
3.12. Would you expect seasonal variations in pCO 2 to exist in seawater? What would be some of the key controlling factors in determining the occurrence and extent of possible variations?
Answer: Research has shown that clear seasonality in pCO 2 concentrations exist. Heighted biological activity in summer months, as well as the assimilation of CO 2 from anthropogenic organic loadings, is of interest, for example, in coastal waterways. Studies have shown a positive linear correlation existing between surface pCO 2 and temperature. The amount of mixing and/or upwelling of CO 2 -rich waters have also been shown to be important processes controlling surface pCO 2 levels, especially during spring and fall in shallower regions. 3.14. Explain ocean chemistry changes that could likely result upon significant changes in the global carbon cycle (e.g., increased atmospheric CO 2 levels).
Answer: Let's start by considering no significant changes in the global carbon cycle. Here, the pH of water will be maintained through equilibrium. However, evidence points towards unabated CO 2 emissions. With such increases, the ocean DIC pool will ultimately increase and the pH will lower. This could result in ocean acidification and thus making it difficult for corals and other coralline plant and animals to synthesize their carbonate skeletal materials.
3.15. Discuss why determining dissolved inorganic carbon (DIC) concentrations are vitally important in aquatic systems.
Answer: DIC is by far the greatest 'active' carbon reservoir at the Earth's surface. It has a mass equivalent to almost eight times the total comprised by other carbon reservoirs like atmospheric CO 2 , land plants, seawater dissolved organic carbon, soil humus, soil carbonate, and surface marine sediment organic carbon. This is relevant because directly or indirectly the entire biosphere depends on inorganic carbon as the major nutrient for primary producers.
Discuss potential limitations in determining redox conditions in natural waters.
Answer: As discussed, redox equilibrium is not well established due to the presence of living organisms, the dependence of most redox reactions on biological catalysis, and the slow kinetics of many oxidation and reduction reactions. Recall that redox reactions are very slow in the natural environment and certain redox species may not be electroactive in environmental systems.
3.17. During methanogenesis (the formation of methane by microbes), CO 2 is used as an electron acceptor in a reduction half-reaction. Complete and balance this half-reaction below:
3.18. Consider the following reaction in a basic solution:
a) Show the two half-reactions and label as reduction and oxidation as appropriate.
Answer:
ClO 2 /ClO Answer: Add electrons to compensate for the oxidation changes:
À , or H 2 O to balance both equations:
Finally, add the two half reactions together to give the overall reaction:
What is meant by the term metal "speciation" and why is it important in aqueous systems?
Answer: Metal speciation concerns the identification and quantitation of specific forms of an element. As mentioned, the measurement of total metals gives little information on processes or biological impacts. Speciation is needed to effectively assess toxicity, bioavailability, bioactivity, distribution, and transport in aquatic systems.
3.20. Name three factors that affect the solubility of a substance in aqueous solutions.
Answer: The solubility of a substance is affected by: 1) the presence of common ions, 2) the pH of the solution, and, 3) the presence of complexing agents.
What role does pH play in metal adsorption?
Answer: Metal adsorption is strongly dependent upon pH of solution, principally due to the variability in particle charge. Here, electrostatic attraction varies with differing pH conditions. For example, cations are more strongly sorbed at higher pH values, likely due to humic substances and oxides becoming more negatively charged.
3.22. Based on your study of Research Application II, and your new found knowledge of adsorption processes, would you expect greater arsenic adsorption to occur in highly reducing or oxidizing environments? Justify your answer.
Answer: Arsenic adsorption (e.g., to Fe-oxyhydroxides) is known to be highly redox sensitive, and is known to desorb and mobilize at more reducing conditions. In addition, lower Eh values have been shown to correlate with increasing arsenic concentrations.
4.1. Based on the physical units covered in this chapter, express ppm concentrations in the formats below. Assume that density
Answer: a) mg/g (equivalent to 10 À6 g/g). One can also write: mg/kg (equivalent to 10 À3 g/10
One can also write: nL/mL (equivalent to 10 À9 L/10 À3 L); c) mg/mL (equivalent to 10 À6 L/mL). One can also write: mg/L (equivalent to 10 À3 g/10 À3 mL). For c, assume that 1 mL y 1 g.
Complete the following table of conversions:
4.3. From Example Problem 4.1 housed in the main text, convert the molarity of H 2 S calculated to millimoles per liter (mM).
Answer: 1 mole/cubic meter is equal to 0.001 molar, or 1 millimolar. Hence, 2.2 Â 10 À6 M ¼ 0.0022 mM.
4.4.
Water is considered to be hard if it has a hardness of 100 mg/L or more as calcium carbonate (CaCO 3 Answer: Given that one half-life (30 seconds) would theoretically leave 25 grams, an additional 30 seconds (one minute) would leave 12.5 grams.
4.10. Describe in detail how changes in redox conditions might affect the development and spread of inorganic and organic contaminant plumes.
Answer: Recall from Chapter 3 that environmental redox processes play important roles in the formation and dissolution of mineral phases, the release or sequestration of inorganic contaminants, and the transformation and degradation of organic contaminants. Such concepts have obvious impacts on the fate and transport of contaminants studied. If we again consider a plume of dissolved organic contaminants, strong reducing environments will develop shortly after their emanation from a point source, with electron acceptors being depleted near the source and within the plume core downstream of the source area. This will play a major role in both the transport and remediation of this contaminated region.
4.11. State the names of three types of pollutants regulated under the Clean Water Act (CWA). Correctly name one contaminant in each category.
Answer: Priority pollutants: toxic pollutants including e.g., metals; Non-priority pollutants: pH; Organoleptic effects: odor.
4.12. a) What is meant by the term "water quality indicator"? b) How are they incorporated into the establishment of water quality guidelines?
Answer: a) key indicators that affect water quality and can be monitored to measure the physico-chemical condition of aquatic systems. b) Threshold values for each indicator can be used as a general assessment of water quality.
4.13. a) Provide chemical justification for the following statement: "electrical conductivity will vary with water source". b) How does salinity factor into the concept of electrical conductivity?
Answer: a) Salts that dissolve in e.g., groundwater, various surface waters, municipal wastewater, and rainfall break into positively and negatively charged ions. Since dissolved ions are conductors, variation and amount of ions (e.g., sodium, calcium, chloride, sulfate, potassium, and bicarbonate) will relate to given electrical conductivity measurements. b) Recall that salinity is a measure of the amount of salts in the water of interest. Because dissolved ions increase salinity as well as conductivity, the two measures are thus related.
4.14. Explain how dissolved oxygen (DO) levels can indicate an increased load of organic matter has entered a body of water.
Answer: Recall that oxygen concentrations in the water column fluctuate under natural conditions, but lowered levels or depletion results from human activities that introduce large quantities of biodegradable organic materials. During this process, bacterial degradation of organic materials for example, can result in a net decline in oxygen concentrations in the water.
4.15.
How does the concept of "representativeness" relate to proper sampling and analysis of environmental contaminants?
Answer: The most important step in environmental analysis is collecting samples that are representative of the larger body of material. To expand, a representative sample is one that reflects the true value and distribution of the chosen analyte(s) in the original matrix, including complex aqueous systems. If the sample is not representative, no matter how appropriate the analytical method of analysis is, the result(s) will not provide reliable characterization.
4.16. The use of dissolved oxygen (DO) field probes are now the preferred method (compared to the Winkler method) when determining DO in natural waters. However, field probes do suffer a number of drawbacks. Based on discussion in Section 4.4, provide specific examples to support this last statement.
Answer: Field DO probes are often ruined through deterioration of the active membrane, trapping of air bubbles under the membrane itself, and contamination or blocking of the sensing element. Routine calibration methods most also be performed to assess proper functioning of the probe. Answer: As we learned in Chapter 1, most nutrients are removed from the euphotic zone and transferred to the deeper ocean as detritus sink to the ocean floor. In the deeper layers organic matter is remineralized, i.e., nutrients are released back into solution.
4.18. Refer to Textbox 4.6. Visit the Water on the Web site and click on the Data tab. Choose a location on the map and click on the Real-Time Data tab associated with this lake or river (water quality data). There will be various options to choose from including weekly, monthly, and in-stream/in-lake trends. a) Choose one and list five water quality indicators that were routinely measured during associated sampling/monitoring campaigns. b) Comment on any noticeable trends in the data including seasonal changes. Hint: the associated Data Visualization Tools tab will help with part b.
Answer: In terms of environmental data, students have numerous lake and river systems to choose from. Regardless it is expected that students will locate key indicators that were commonly measured during individual sampling/ monitoring campaigns. These include such parameters as turbidity, river/stream flow, temperature, nutrient concentrations, pH, and dissolved oxygen (DO). Students should also take advantage of the Data Visualization Tools tab when searching for noticeable water quality trends.
5.1. Discuss the importance of environmental regulations and related standards and how they have impacted the development and operation of water treatment facilities.
Answer: The Clean Water Act amendments of 1972 require that all discharges from any point source into waters of the United States must obtain a National Pollutant Discharge Elimination System (NPDES) permit. Permits that limit the amount of pollutants discharged are required of all municipal and industrial wastewater dischargers under this program. Under such guidance, treatment standards are established, treatment plants are designed and operated, permits issued, and educational materials distributed to the community.
5.2.
Describe the differences between physical, chemical and biological unit wastewater treatment processes and provide an example of each.
Answer: In physical unit operations, treatment is carried out through the application of physical forces (e.g., screening and filtration). Chemical operations remove or treat contaminants by the addition of chemical agents, or by chemical reactions (e.g., chemical precipitation and disinfection). Biological unit operations remove contaminants through biological processes (e.g., nitrification).
5.3.
In section, 5.1.1 we discussed the use of alum or hydrated aluminum sulfate to precipitate phosphates and aluminum phosphates (AlPO 4 ) out of solution. In addition, calcium, typically in the form of lime (CaOH) 2 , is used to help remove phosphate from wastewater. It reacts with the natural alkalinity in the wastewater to produce CaCO 3 :
When the pH value of the wastewater increases to >10, excess calcium ions will then react with the phosphate, and precipitate as hydroxylapatite. Show the complete, balanced reaction for this process.
Answer:
10 Ca 2þ þ 6 PO 3À 4 þ 2 OH À # Ca 10 ðPO 4 Þ$6ðOHÞ 2 5.4. Provide a basic mechanism for the use of ferric chloride for phosphorus removal (through coagulation) in wastewater streams.
Answer: During this process, ferric ions will combine to form ferric phosphate as follows:
Explain why the amount of Ca 2þ ion needed to drive the reaction in Problem 5.3 is almost completely independent of the amount of phosphate present in solution.
Answer: Notice that the reaction between the lime and the alkalinity of the wastewater is in question. Hence, the quantity required will be, in general, independent of the amount of phosphate present. It will depend primarily on the alkalinity of the wastewater.
What factors are known to affect/influence the coagulation process?
Answer: The coagulation process will be affected/influenced by a number of factors including changes in pH (optimum pH typically between 5 and 7), salt content, the type and nature of coagulants employed, alkalinity, mixing effects, turbidity, and temperature.
5.7.
Describe how a charge on a given ion will affect its ability to coagulate.
Answer: Ions must carry a charge opposite to that of the colloidal particles if effective coagulation is to take place. Students should also be aware that the coagulation power of an electrolyte is directly proportional to the valency of its ions. Instructors should review this concept with students.
Provide reasoning as to why it is important to provide an initial rapid mixing of the coagulant (and other chemicals)
during the flocculation process.
Answer: Such agitation causes the fine moving, destabilized particles to come into contact to become larger, more settleable flocs.
5.9.
Initial total chloroform (TC) count (numbers) in a wastestream was 10,003 per100 mL of sample collected. Upon disinfection via chlorine treatment, TC numbers were 6779, 3993 and 582/100 mL, after treatment for 12 hr, 24 hr and 48 hr, respectively. Calculate the death rate (k) achieved (in days) after each time treatment. Answer: Recall, data can be evaluated with the use of a semilog graph of survival, e.g., log (S) versus time (t), where S ¼ N/N 0 . Students are encouraged to use Excel concepts previously learned when plotting. The slope of the line is the death rate.
5.11. Discuss the potential impacts of DO levels on the performance of activated sludge bioreactors.
Answer: DO concentrations must be evaluated on a regular basis in bioreactors and adjusted in accordance with system performance requirements. For example, DO concentrations should be maintained at 2.0 to 4.0 mg L À1 in the aeration zone. This range allows proper growth of nitrifiers and phosphorus accumulating organisms. In contrary, levels below 0.5 mg L À1 should be maintained in the anoxic zone to encourage, for example, denitrification.
Describe two important factors affecting the efficiency of activated carbon filtration.
Answer: Two key factors affecting the efficiency of activated carbon filtration are the amount of carbon in the unit and the amount of contact time the contaminant has with the carbon. Considerations must also be given to the flow rate of the water passing through the unit. For example, the faster the flow rate the less time that the contaminants will be in contact with the carbon (and thus the less absorption that takes place).
5.13. Explain why the reverse osmosis processes would be particularly affected by high total dissolved solid (TDS) content during the water treatment process.
Answer: A high TDS content, or particularly large molecules (e.g., proteins from food waste), can lead to clogging of the reverse osmosis membrane. This will affect the pressure difference and ultimately the end quality of the water.
5.14. Extending our discussion on membrane treatment processes, speculate on various physical/chemical processes that would help distinguish which species (contaminants) could pass through a given membrane.
Answer: Processes include the size of the openings in the membrane, membrane make-up (e.g., organic polymers), electrical potential, and concentration gradient/pressure differences. Charge or polarity, shape, and size are characteristics of species that influence their ability to migrate through the membrane.
What is the role of alkalinity in the wastewater treatment process?
Answer: In wastewater treatment, an alkali is used to provide the alkalinity required to maintain effective biological activity and for pH control. For example, microorganisms which play an active role in wastewater treatment are most effective at a neutral to slightly alkaline pH of 7 to 8. In order to maintain these pH conditions for biological activity there must be adequate alkalinity present in the wastewater to neutralize acids generated by the active biomass during waste treatment.
List common ions that are associated with alkalinity.
Answer: Common ions include: HCO . 5.17. Name two disadvantages of the chlorination process used in wastewater disinfection.
Answer: There are a variety of disadvantages of using chlorine and related compounds as disinfectants, including the formation of halogenic disinfection byproducts and the induction of odor and taste in the water.
What is meant by water softening? What water treatment technique is routinely used in this process?
Answer: Softening is the removal of multivalent cations (hardness) from the water. Ion exchange can be used to accomplish this task.
What are the two main causes of hardness in water?
Answer: The presence of excess calcium and magnesium ions.
5.20.
As discussed, when an ion exchange water softening system becomes saturated with Ca 2þ and Mg 2þ ions, it is regenerated by passing a NaCl solution through the resin. Write a balanced chemical reaction for the replacement of Ca 2þ during this process.
Answer: During this reaction, added Na þ ions replace the Ca 2þ ion which is then discharged into the waste water: 2Na þ þ CaRðsolidÞ # Na 2 RðsolidÞ þ Ca 2þ 5.21. Ion exchange can be used to remove excess salt and other minerals from water (e.g., seawater) during the desalination process. What types of resins would be used to individually remove Cl À and Na þ ions?
Answer: A weak base anion exchanger will be needed to remove Cl À ions. For Na þ ions, the use of a weak acid cation exchanger is needed. 6.1. Define the term atmospheric boundary layer and describe its role in pollutant dispersion.
Answer: The portion of the troposphere that is directly influenced by the Earth's surface, and responds to surface forcing on a short time scale. It is an important player in pollutant dispersion due to rapid mixing depth and temperature fluctuations.
6.2. Describe the conditions that lead to an unstable boundary layer.
Answer: The surface transfer of heat and moisture due to solar heating during daytime hours forms an unstable boundary layer. Note that rising air cools because of expansion, resulting from lower air pressure. 6.7. Provide explanation on why the cycle of reactions in the Chapman mechanism would lead to a slight warming of the stratosphere.
Answer: Recall the mechanism:
Steps (2) and (3) are propagation steps and occur over and over. The UV light absorbed in step (3) is released as heat due to increased kinetic energy. Although other steps release a great deal of energy, they occur less as they are not propagation steps.
6.8. As discussed, the concentration of O 3 increases with altitude and so the concentration of O 3 is higher in the stratosphere than in the troposphere. Explain how this relates positively to the balance of life on the Earth's surface.
Answer: This is advantageous for life on Earth since this means that harmful UV radiation is strongly attenuated by O 3 absorption far from the Earth's surface. Answer: No. Recall that in the absence of anthropogenic activities, the atmospheric carbon reservoir would be in steady-state given the balance between biological respiration/decomposition (flux in) and photosynthesis (flux out).
b) Calculate the overall mass balance in the atmosphere (reservoir) taking into consideration the anthropogenic influence (flux in). 6.14. Speculate on why persistent organic pollutants (POPs, e.g., PCBs) have been found in relatively pristine Arctic regions despite the fact that known sources are thousands of miles away.
Answer: Like many organic compounds, POPs can exist in different phases (e.g., as a gas or attached to airborne particles) and can be exchanged among environmental media. Even in the atmosphere, they can be revolatilized and migrate long distances.
6.15. Based on our discussion of simple box models and knowledge of reaction rates, discuss ways in which temperature may affect the transport (particularly travel distance) of organic pollutants.
Answer: It should be obvious that environmental variables including wind, rain, or the convective mixing of the atmosphere are affected by temperature changes. For example, under colder temperatures, precipitation may fall as snow rather than rain. In addition, temperature can have affects on diffusion rates (an increases in temperature will cause an increase in diffusion rate), partitioning from condensed phases to gas phases, abiotic and biotic reaction rates, and hydroxyl radial concentrations. It will be evident in Chapter 7 that as hydroxyl radical concentrations increase, shorter atmospheric lifetimes occur.
6.16. Like we have shown for SO x , NO x can dissolve in water to form acids that release H þ ions and contribute to acid deposition. Show the simplified dissociation of NO 2 in moist air (H 2 O). Hint: oxygen plays a role in this process.
6.17. Review Equation 6.36 and our discussion of the reaction of the HO free radical with SO 2 in the troposphere. Propose a reaction mechanism for the ultimate formation of H 2 SO 4 .
Answer: The radical HOSO 2 reacts rapidly in the presence of O 2 as follows:
And further reacts:
6.18. List the various chemical and physical processes that dictate the content and patterns of atmospheric depositions.
Answer: Numerous chemical and physical mechanisms are involved including emission, transport, atmospheric turbulence, chemical reactions, chemical properties of the depositing species, and removal processes.
6.19.
Briefly describe what role temperature inversion has on pollutant transport. Provide an example situation (including geographic location) where temperature inversion may be physically evident.
Answer: A thin layer of the atmosphere where the decrease in temperature with height is much less than normal (or in extreme cases, the temperature increases with height). More specifically, an unstable lower atmosphere is capped by a stable upper layer, which in turn acts as a cover keeping normal convective overturning of the atmosphere from penetrating through the inversion. Students have many examples and geographic regions to choose from. One example is the city of Los Angeles, where local regions confine pollutants to a shallow layer near the surface creating unhealthy conditions due to, for example, photochemical smog (covered in detail in Chapter 7).
6.20. Describe the factors that influence the rates of both wet and dry deposition.
Answer: Rates of wet deposition are most influenced by how readily the chemicals dissolve in an aqueous environment, while rates of dry deposition are influenced by the form (gas or particle) of the chemicals and the characteristics of the surface upon which they are being deposited.
6.21. In the atmosphere, elemental mercury H(0) can form a reactive species with Cl as follows:
Produce a chemical reaction that results when HgCl 2 reacts with a charged Cl À .
6.22. Deposition of sulfur compounds has been shown to be higher in the eastern portion of the United States. Provide reasoning for this occurrence.
Answer: Currently, there is a pronounced east-west gradient for sulfur deposition. This is primarily due to the large amount of coal-burning power plants located in the East.
6.23. Referring back to problem 6.17, comment on whether the same trend would likely apply for nitrogen deposition.
Answer: From our reading throughout the book, we know that nitrogen emissions comes from more evenly distributed sources, like automobiles and agricultural activities. Student can speculate that this trend would not be as pronounced as that of sulfur deposition.
6.24. Although the atmospheric lifetime of N 2 O falls in the range of CO 2 , provide reasoning as to why its Global Warming Potential (GWP) is higher than CO 2 .
Answer: Although the lifetime of N 2 O in the atmosphere falls in the range of CO 2 , N 2 O's ability to absorb infrared radiation is much larger than CO 2 . The ability to absorb radiation outweighs the equivalency of its life in the atmosphere.
7.16. Nitrous acid, HNO 2 , formed in the gas phase, dissociates into the nitrite ion. Given its formation below, propose a reaction mechanism for the reaction of the nitrite ion with sulfur(IV).
Answer: Recall that the atmospheric aqueous environment is slight acidic, hence:
Note that the main compound formed during this reaction is hydroxylamine disulfonate.
List and describe the important factors influencing the various SO 2 pathways discussed in the text.
Answer: Factors include: meteorological conditions (e.g., the relative humidity), the season (e.g., the formation of OH radicals depending on solar radiation levels), ambient concentrations of trace metals, and pH.
7.18. As discussed in section 7.7, irradiation of surface adsorbed nitrate can result in renoxification of HNO 3 back into the gas phase in the form of NO x product species. Briefly discuss the significance of this in terms of NO x chemistry.
Answer: The deposition of HNO 3 to surfaces would become a "functioning" part of a cycle in NO x chemistry, rather than simply a permanent sink.
8.1. How does soil particle size influence, for example, water infiltration?
Answer: Naturally, water moves by gravity into the open pore spaces in the soil, and the size of the soil particles and their spacing determines how much water can flow in. Intuitively, one can assume that coarse soils have a higher infiltration rate than soils of finer structure.
8.2.
Describe two scenarios in soil that would cause a decrease in soil cation-exchange capacity (CEC).
Answer: CEC may decrease over time through soil acidification and organic matter decomposition.
8.3. Alternatively, describe two scenarios that would cause an increase in soil CEC. Use agricultural practices as a guide.
Answer: Once could increase the organic matter content through tillage practices. Also, one could increase the pH for example, by adding lime.
8.4.
Assuming that a clay material with a CEC of 1 meq/100 g is capable of adsorbing 1 mg of H þ (or its equivalent) for every 100 g or clay. Calculate the equivalent amount of Ca be in mg?
Answer: Ca has a þ2 charge (2 charges) and an atomic weight of 40.01. Therefore, Ca with an atomic weight of 40.01 has an equivalent weight of 40.01/2 ¼ 20.005. Hence, 20.01 mg is the weight of 1 meq of Ca.
8.5. Describe two effects that cannot be simulated when using the simplistic nature of the K d model for metal adsorption.
Answer: With such a simplistic model, it will be unable to effectively simulate the effect of changes in pH or the effect of concentration differences of competing ions on the adsorption affinity.
8.6. Refer back to Equation 8.5. Simplify the relationship to show how it is possible that the single term K d can be used to describe metal adsorption data. Comment on its appropriateness in true experimental studies.
Answer: If we were to assume that N ¼ 1, the equation would simplify to:
While possible to simplify, the Freundlich isotherm is seldom equal to 1. Thus, the simplified expression is likely not possible in true experimental studies.
8.7.
The pH is the single most important parameter that governs the adsorption of metal ions in soils, and therefore electrostatic attraction varies depending on pH value. Based on attraction differences, describe the pH conditions necessary for the adsorption of both anion and cations. In your discussion, use oxide surface and solid-phase humic substance characteristics to aid your explanation.
Answer: Cations will tend to sorb more strongly at high pH values, since humic substances and oxides become more negatively charged. Alternatively, anions are adsorbed more strongly at low pH values, when oxides contain many positively charged functional groups.
8.8. In some arid regions, high concentrations of sodium may result in the saturation of the soils cation exchange capacity (CEC) with sodium. As a result, a high soil pH likely results. Provide an example hydrolysis reaction that may account for this (hint: OH -will be produced as a product).
Answer: As an example, the hydrolysis of Na 2 CO 3 will produce:
8.9. List other metals that may be common to evaporative soil salts in arid conditions.
Answer: Calcium, magnesium, and potassium.
8.10. As mentioned in the text, the dissolution of aluminum ion produces a moderate acidic environment. Produce a hydrolysis reaction to correlate with this statement.
. What property related to cation exchange capacity (CEC) will occur as a result of the high immobilization affinity of Al 3þ ?
Answer: As a result of the high affinity for Al 3þ , the exchange complex of mineral colloids becomes saturated with acidic cations, displacing the basic cations into soil solution where they are vulnerable to leaching.
8.12. Nitrogen fertilizers containing ammonium are known to increase soil acidity. Provide chemical justification for this statement.
Answer: When nitrogen fertilizers are applied, ammonium is converted to nitrate in the soil (through nitrification). H þ ions are released as a result. In addition, nitrate can combine with cations (e.g., calcium and magnesium) and leach from the topsoil. As these bases are removed they are replaced by H þ ions.
9.1. Discuss why it is imperative to establish direct exposure routes when assessing individuals exposed to a toxic substance.
Answer: Recall that when dealing with hazardous waste characterization and risk assessment, establishing a direct pathway provides a defined link between the hazard and suspected health effects on a given individual or population.
9.2. Explain why the liver is considered a target organ when assessing the toxic effects of xenobiotics.
Answer: Due to its high metabolic potential, and the capacity to rid xenobiotics from the blood, the liver represents an organ with high susceptibility to the toxic effects of chemicals.
9.3. What is the most critical factor in determining if a substance will be an acute or chronic toxicant?
Answer: Dose. Realize that virtually all chemicals can be acute toxicants if administered doses are sufficiently large.
9.4. Refer to Table 9 .2. Explain why there are noticeable differences in LD 50 values among rats and mice for a given chemical substance.
Answer:
The LD 50 gives a measure of the acute toxicity of a chemical in the strain, sex and age group of a particular animal species under examination. Changing any of these factors could result in the demonstration of a different LD 50 value. It is also important to note that the actual LD 50 value may be different for a given chemical depending on the route of exposure (e.g., oral, dermal or inhalation).
9.5. Given the following toxicity data for a typical response (% mortality) over dose (concentration that results in 50% of the measured effect) of a given xenobiotic, plot in Microsoft Excel and discuss the relevance of the distribution of data. Is the response surprising? Expected? Provide reasoning.
Answer: The distribution of the results represents a sigmoidal shaped curve. This is not surprising. The figure caption under Figure 9 .3 explains the various regions under the curve.
9.6. From the graph generated in Problem 9.3, roughly estimate the LD 50 .
Answer: After plotting, connect the experimental points on your graph using the appropriate Excel function. The sigmoidal curve can be linearized by various transformations of the data (e.g., probit transform) to assist in drawing conclusion from the relationship. One can then draw a line through the plotted points on the graph and estimate the LD 50 by drawing a horizontal line from the 50 percent mortality point on the graph to the plotted line and then a vertical line from that point down to the concentration of the pollutant scale on the x-axis. The intersecting point on your plotted line is the LD 50 estimate. 9.7. Acute toxicity testing requires the use of statistical analysis for reporting purposes. From knowledge gathered from Chapter 2, discuss why such analyses (give specific examples) are particularly important when computing the LD 50 .
Answer: The LD 50 is statistically estimated because it is improbable that one of the concentrations chosen will kill exactly 50% of the exposed test population. A confidence interval for the true LD 50 is calculated along with this point estimate and affirms with a pre-specified level of confidence (typically 95%) that this interval includes the actual LD 50 . As the 95% confidence intervals of the point estimate increase, the uncertainty in the estimate of the statistical endpoint increases.
9.8. Consider the hydrolysis of acetyl chloride (CH 3 COCl). Write the net reaction in H 2 O and determine which RCRA defined characteristic for non-listed wastes (D001, D002, D003, or D004-D043) it will fall under.
Answer: CH 3 COCl þ H 2 O/CH 3 COOH þ HCl D003: Recall, reactive wastes are unstable under "ordinary" conditions. They are known to initiate explosions, toxic gases, or vapors when heated, compressed, or mixed with water.
9.9. Anhydrous liquid ammonia (LNH 3 ) is frequently transported in bulk on inland and/or coastal waters. Show the dissociation of NH 3 in water and discuss resulting species in terms of RCRA characteristics for non-listed wastes.
Answer: Dissolution of LNH 3 in water is accompanied by an exothermic process and a concomitant increase in pH due to the formation of ammonium hydroxide (NH 4 OH):
9.10. As defined under RCRA, list the four characteristics of wastes that deem them hazardous even if they are not classified.
Answer: Ignitability, Corrosivity, Reactivity, and Toxicity.
9.11. In section 9.3.1 we discussed the formation of chloroamines in a wastewater stream housing two example RCRA listed chemicals. Generate a balanced reaction for the oxidation of one of those species, NHCl 2 (in water).
What is the significance of the free chlorine generated in Problem 9.11?
Answer: Even though it is relatively short-lived, free chlorine is toxic to fish and aquatic organisms.
9.13. Review Equation 9.4 which relates to the standard error (SE) of natural logarithm (ln) O ratio when estimating the ratio of the odds of the disease in a group exposed to a given factor, to the odds of the disease in the non-exposed group. Rearrange this equation to produce the standard error (SE) of natural logarithm (ln) R ratio .
Answer: Based on Equation 9.4 and information in Table 9 .5:
14. Methylene diphenylisocyanate (MDA) is extensively used in industry to manufacture polyurethane foam products.
To assess the odds risk of industrial workers chronically exposed to his compound versus those non-exposed developing liver disease, the following observed frequency table was generated as part of an example occupational study. Calculate the odds risk ratio O ratio for this study. Discuss what this value means in relation to potential risk.
The O ratio is estimated using Equation 9.3:
According to our calculation, the odds of individuals exposed to MDA are 5.71-times greater than then the nonexposed individuals.
9.15. Calculate the 95% confidence interval for the data presented in Problem 9.14.
Answer: We first find ln O ratio , which is ln ð5:71Þ ¼ 1:74. Next, use Equation 9.4 to first find standard error: 9.16. Using the same data in Problem 9.14, estimate the risk ratio R ratio and discuss the significance of the calculated value.
Answer: Using Equation 9.2:
9.17. Using the equation generated in Problem 9.13, calculate the SE ðIn R ratio Þ from values estimated in Problem 9.14.
9.18. In regards to Research Application XI, search your institution's research journal databases for similar articles of interest. Do other investigations corroborate these results? Do organochlorine pesticides produce similar effects?
Answer: This answer will vary with each student and each institution's available databases. Encourage your students to choose articles from the primary literature. There is mounting evidence that deteriorated semen quality may be associated with increased serum concentration of organochlorine pesticides and their metabolites.
Disease Present Disease Absent Total
Exposure to factor 13 199 212
Non-exposure to factor 2 175 177
Total 15 374 389
10.1. Define the term green chemistry and discuss how the 12 Principles of Green Chemistry are incorporated.
Answer: Green chemistry refers to the application of innovative minimization principles to eliminate negative environmental impacts of chemicals and chemical processes. Those practicing green chemistry routinely apply the 12 Principles of Green Chemistry in their operations to create important health, environmental, social, and economic benefits.
10.2. Choose one of the 12 Principles of Green Chemistry, briefly define it, and provide evidence for it being either product-or process-based.
Answer: Students have numerous options in which to choose from and discuss. Careful attention should be paid to its succinct definition and specific evidence provided for characterizing as product-or process-based. Instructors should carefully consider these details when grading.
Define the term life cycle assessment (LCA) and list its four complimentary phases.
Answer: LCA is considered a "cradle-to-grave" approach for assessing industrial systems. The four complimentary phases include: i) goal and scope, ii) life cycle inventory, iii) life cycle impact assessment, and iv) interpretation.
10.4.
Of the items listed below, which one may be utilized as a renewable feedstock source for organic chemicals? a) Coal b) Petroleum c) Natural gas d) Biomass
Answer: d. Biomass has been shown to be a promising renewable energy source. Recall that renewable feedstocks are often made from agricultural products.
10.5. Provide reasoning why catalysts are preferable over stoichiometric reagents in chemical reactions. Consider the 9 th Principle of Green Chemistry when answering.
Answer: Recall from general chemistry that a catalyst is used to facilitate a transformation (often hundreds to thousands of times) without being consumed or incorporated into the final product. In stoichiometric reactions, additional reagents are needed to facilitate a reaction, and thus will need to be discarded in the waste stream when the reaction is complete.
10.6. In lieu of our discussion of emerging environmental technologies, renewable energy resources currently generate: a) More energy than fossil fuels b) Less energy than fossil fuels c) Less energy than fossil fuels d) The same amount of energy as fossil fuels
Answer: b) Less energy than fossil fuels.
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10.7. Recall the transesterification process outlined in the text:
The reaction between the triglyceride and the alcohol is a reversible reaction. Explain why alcohol must be added in excess in this reaction.
Answer: Since the reaction between the triglyceride and the alcohol is a reversible reaction, the alcohol must be added in excess to drive the reaction towards the right and ensure complete conversion to product (ultimately biodiesel).
10.8. In Research Application XII we learned that hydrogen peroxide (H 2 O 2 ) has been shown to effectively oxidize compounds of interest. List and describe other oxygen containing compounds that have been shown to exhibit oxidative properties. Note: this may require consultation from external sources of information.
Answer: Dioxygen, O 2 , is commonly used in the chemical industry in combination with a catalyst, heat or UV light. It is UV light in particular that makes it possible for dioxygen to dissociate to form oxygen atoms, which react with dioxygen to form ozone (O 3 ). Without light, oxygen will still oxidize (although slowly) aldehydes, for example, when they are exposed to air, but most reactions with oxygen at the concentration of the atmosphere are too slow at room temperature to be noticed. Finally, peroxyacids, RCO 3 H, have an OOH group attached to the carbonyl group. They have been shown to be stronger oxidizing agents than H 2 O 2 itself, converting alkenes into epoxides, for example.
10.9. Describe how nanotechnology has contributed to the 12 Principles of Green Chemistry. What are possible drawbacks of nanotechnology?
Answer: Nanotechnology has the potential to lead to more efficient and cost effective production of specialty chemicals through a reduction in reagent and energy use with less waste generation. Such technology has been instrumental in fuel cell research and microelectronics. However, as nanomaterials are developed, the environmental and human health impacts of both the products themselves and the processes to make them must be considered to ensure their long-term economic viability.
10.10. In your own words, define the term "sustainability".
Answer: Students are encouraged to use discussion in section 10.3 and Textbox 10.3 to provide a succinct and representative answer in relation to chemical processes and manufacturing. Instructors should note the broad nature of this term when grading.
10.11. Describe both quantitative and qualitative aspects of evaluating the economic, environmental and social impacts of chemical processes.
Answer: As mentioned in the text, there is no standard method of measuring the success of chemical processes working towards long-term sustainability. However, a number of techniques are useful in broad evaluations. The use of sustainability indicators (e.g., NO x emissions, water consumption) is useful and conversion of absolute measures into relative measures (e.g., ratios) is encouraged. Qualitative methods of examination may include the development of defined standards (see Table 10 .1) and performance measures such as the AIChE Sustainability Index.
10.12. List the five strategies of pollution prevention. What role does waste minimization play in pollution prevention?
Answer: 1) Reduce pollution at the source whenever feasible; 2) Recover and reuse on-site whenever feasible; 3) Recycle off-site in an environmentally safe manner whenever feasible; 4) Treat pollution in an environmentally safe manner whenever feasible; 5) Disposal or release into the environment as a last resort.
Waste minimization, one of the first initiatives of pollution prevention, involves the reduction of any solid or hazardous waste that is generated or subsequently treated, stored, or disposed of.
10.13. Describe example steps being taken by developing countries towards sustainable agricultural practices. How do these steps differ from those being instituted by the more developed countries?
Answer: In developing countries, improved water use efficiency, reduced pesticide use, agroforestry, integrated pest and nutrient management strategies, and conservation tillage have led to improved farm yields and more sustainable agricultural practices. In the more developed countries, there is a push towards organic farming, integrated pest management (IPM) activities and the development and production of reduced-risk synthetic pesticides and biopesticides.
10.14. Briefly describe how biopesticides are effective in fighting plant pathogens.
Answer: Biopesticides are derived from plants, bacteria, fungi, and insects, and currently account for half of the new pesticides being registered by the U.S. EPA. They induce plants to produce cell strengtheners, antioxidants, phenolics, and specialized proteins which are known to fight pathogens that affect plants.
10.15. Briefly define the term olefin metathesis. Describe how this process is important in modern day green chemistry applications.
Answer: Olefin metathesis (also termed transalkylidenation) is an organic reaction that involves the redistribution of alkylene fragments by the scission of carbon -carbon double bonds in olefins. This process occurs in the presence of certain transition-metal compounds, including various metal carbenes. It has been shown to be useful in a variety of applications including making compounds during the drug discovery process, the development of agro-and petrochemicals, and in the manufacturing of flavor and fragrance chemicals.
